Introduction
Two m ain categories of plant m icrobodies have been characterized: glyoxysomes, found always in germinating seeds actively transform ing fatty acids into dicarboxylic acid via /7-oxidation and glyoxylate cycle, and leaf peroxisomes, catalyzing several steps of photorespiration [1] .
While two current models for microbody biogene sis at a definite stage o f developm ent are subject of contraversy [2 -5] , little inform ation is available about the timing o f translation o f glyoxysomal pro teins: either continuously during seed form ation, or at a defined step o f germ ination, or both.
Findings that enzymatic activities o f glyoxysomal proteins increase from zero level to maxim al values at day 4 -5 of germ ination [6 -8 ] have led to the hypothesis that these proteins are synthesized de novo exclusively during the first period o f germ ina tion [1] , That seemed to be further substantiated by germination experiments carried out in the presence of 15N O ; or 2H 20 . High density-labelling observed in the case o f catalase and isocitrate lyase was taken as evidence that glyoxysomal proteins are predom i nantly, if not exclusively [9, 10] , synthesized de novo during germination. In contrast to these results, we could dem onstrate that dry seeds of cucumber already contain consider able amounts of the total set of glyoxysomal pro teins [11] , The cells of cotyledons must have, there fore, the capacity for both transcription and transla tion of information responsible for the biosynthesis of glyoxysomal proteins prior to the stage of dry seeds. We report here about the occurrence of several gly oxysomal proteins and describe a m icrobody form, partially competent glyoxysomes, in ripening seeds of cucumbers.
Methods

Plant material
Seeds of cucumber (Cucumis sativus) were prepar ed from fruits of 5 -6 months old plants. They were selected for uniformity, i. e. according to size (7 -8 mm length). This was the raw material for prepara tions of cell structures occurring at the late stage of ripening. Seeds with 4 -5 mm length obtain ed from younger fruits were used for investigations concerning the somewhat earlier stage, biochem ical ly defined by the presence of catalase, but the ab sence of malate synthase.
Preparation o f extracts
Hundred seeds were homogenized by chopping for 30 min with a stainless steel razor blade in 4 ml of grinding medium on a polystyrene block kept on ice. The grinding m edium contained 150 mM TricinNaOH, pH 7.5, 10 mM KCl, 1 mM EDTA, and 15% (w/w) sucrose. The homogenate was squeezed through two layers o f m iracloth and the filtrate was directly applied on a sucrose gradient.
Sucrose gradient separation
The sucrose gradient consisted of 4 ml 60% (w/w) sucrose, 24 ml of a linear gradient 60-25% sucrose, and 4 ml 20% sucrose. The sucrose solutions contain ed 50 mM Tricin-N aO H , pH 7.5, and 1 mM EDTA. 4 ml of the crude hom ogenate were layered on top of the gradient. A fter centrifugation at 27000 rpm (Beckman SW-27 rotor) for 2.5 h at 5 °C, 1.2 ml fractions were collected across the gradient using an ISCO density gradient fractionator, model 640.
Application o f f H ] leucine
0.5 mCi l-[4,5-3H] leucine (60 Ci/m m ol) were ap plied to 50 seeds. Incubation was in a beaker at 23 °C in darkness for 20 h. Subsequently, seeds were washed with cold grinding m edium and homogeniz ed as described above.
Electrophoretic analysis
Slab gel electrophoresis in the presence of sodium dodecyl sulfate was perform ed with minor m odifica tions [11] in a discontinuous system described by Laemmli [12] .
Enzyme assays
Malate synthase [13] , citrate synthase [13] , catalase [14] , m alate dehydrogenase [15] were tested accord ing to well described procedures. The assay o f crotonase [16] and isocitrate lyase was modified as re ported earlier [11] . Cytochrome oxidase was deter mined by the m ethod o f Schnarrenberger et al. [17] , and NADH: cytochrome c reductase was measured photometrically at 560 nm [18] .
Immunoprecipitation o f malate synthase
Labelled m alate synthase, released from glyoxysome-like microbodies, was incubated with antibo dies raised against purified glyoxysomal malate synthase from 5 day old germinating cotyledons. Precipitation, washing and further analysis was exactly as described [1 1 , 19] .
Other methods
Radioactivity was measured in a liquid scintilla tion spectrom eter (Berthold-Friesecke, BF 5001) equipped with an Alphatronic com puter (Diehl). Absolute radioactivity was calculated by a program based on channel ratio methods. The scintillation cocktail was Quickszint 212 (Zinsser, Frankfurt). Gel slices were incubated with 1% SDS for 25 h prior to the addition of the cocktail. Sucrose concen trations were determ ined refractometrically. Protein was determ ined according to Lowry et al. [20] ,
Results
Preliminary studies had indicated that several gly oxysomal proteins could be detected in ripening seeds, when seeds were analyzed in a very late stage of m aturation. We m ade every effort to utilize seeds from fully ripened cucumbers which were grown for at least 5 months. We used seeds as large as possible, in order to dem onstrate and to investigate as many glyoxysomal proteins as possible. Catalase, but not malate synthase, could be detected in early stages of maturation, while both enzymes were present in a late stage of development. Fig. 1 summarizes the relevant findings with re spect to glyoxysomal components present in the late stage: a) occurrence or lack of enzyme activities, b) association of enzymes with distinct cell structures, and c) the quantitative am ount of enzyme activities related to fresh weight. Assessments of the last point can be m ade as the gradient profiles given represent the entire am ount of enzyme activities extractable under the conditions used; the total hom ogenate was applied onto the gradient without any preceding en richment step. Repeated controls have shown, that the yield of enzyme activities obtained by gentle homogenization with razor blades and the yields which were possible by exhaustive homogenization differed by a factor of 1.8-2.1. If this factor of 2, the size of fractions, and the absolute activities of peaks are ta ken into account, the occurrence of the enzymes can be quantified.
It is evident from Fig. 1 that, besides catalase, en zymes of the glyoxylate cycle (malate synthase, citra te synthase, m alate dehydrogenase) as well as of ß-oxidation (crotonase) are present. But isocitrate ly ase was not detectable, although it was looked for throughout the gradient. Fig. I demonstrates, moreover, that the profiles of catalase and malate synthase coincided at 50% sucro se. This was a good indication for the occurrence of microbodies. Crotonase and small proportions of malate dehydrogenase and citrate synthase also seem to be attributable to these microbodies. The position of mitochondria at 40% sucrose, evidenced by the sharp maximum of cytochrome oxidase and citrate synthase, is clearly separated from the one of m icro bodies.
Although microbodies and m itochondria were well separated from each other and also from endo plasmic reticulum, identified by N A D H -dependent cytochrome c reductase, the profiles do not allow an estim ation of how much the fractions were contam i nated by other proteins. It could be anticipated that globulins dominated in the seeds already at this stage of development. Fig. 2 indicates that constituents of protein bodies were already present at this stage and that they heavily contaminated all fractions throughout the gradient. As evidenced in track F, globulins occurred which were identical -according to their subunit M r -to the one previously describ ed for dry cucumber seeds [ll] . Here again, globu lins were found as components of the protein peak in the high density range. As centrifugation time was only 2.5 h, only particles larger than 103 S could m i grate to this position which therefore is indicative of protein bodies.
It was probable, but it could not be taken for grant ed, that enzymes were synthesized when they are needed. Examples are known where enzymes are ac tivated by mobilization of proforms or by change of aggregation forms. As for the present problem , we showed that malate synthase was not built as pro form, analog with catalase and globulins in an ear lier stage of development. But rather it was synthe sized de novo at the same period when the enzyme activity could be observed. We asked the question whether the seeds have the capacity o f synthesizing malate synthase during one o f both stages: a) at the step where catalase activity but no malate synthase activity could be dem onstrated, or b) at the step where both enzyme activities attained a significant level. From Table I tated m alate synthase showed a peak of radioactivity at a subunit M r o f 63000. The peak had more than twice the height com pared with a peak of analogous experiments with germ inating seeds (following pa per [21] ). Com parison was m ade on the basis of fresh weight of seeds.
Discussion
The present studies provide evidence for the oc currence of glyoxysome-like cell structures in ripen ing cucumber seeds. M icrobodies found at this late stage of seed m aturation lack isocitrate lyase, but contain enzymes of fatty acid /7-oxidation and en zymes of glyoxylate cycle. Most probably a comple mentary step is necessary to afford microbodies with the complete set of glyoxysomal proteins. There are indications that prior to the stage investigated here microbodies occur but with an even sm aller set of components, perhaps only with catalase.
The picture which can be derived from these data is similar to that reported by Choinski and Trelease [22] . With cotton embryos, they observed that cata lase was already present before m alate synthase ap peared. In contrast to our results obtained with cu cumber seeds, isocitrate lyase was not detectable in dry cotton seeds. Earlier reports claim the occurrence of isocitrate lyase in dry cotton seeds [23] , and em phasize the im portance of m itochondrial enzymes [24, 25] which are already present in dry seeds and which are, therefore, available at an early stage of ger mination.
We postulate that distinct m icrobody species, but differing in enzyme composition, are synthesized in ripening seeds. During progress of m aturation more and more enzymes are translated and then associated with microbodies, until the complete set of glyoxyso mal proteins is at disposal in the dry seed.
